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THE AUDITORY CANAL 
RAftKGROUND OF THF INVENTION 



Field of the Invention 

The invention concerns a method to adjust and a method to operate a 
hearing aid device wearable on the body of a test person, having a 
microphone system disposed outside of the auditory canals when the test 
person wears the hearing aid device. 

The invention also concerns a hearing aid device wearable on the body 
of a test person, with a signal processing unit and a microphone system 
disposed outside when the auditory canals of the test subject wears the 
hearing aid device. 
Description of the Prior Art 

If a person is located in a natural sound field, sounds reach the 
eardrums of both ears from different directions with different levels, durations 
and frequency weighting. The capability of the person to localize (i.e. identify 
the originating location of) different signal sources In the sound field is based 
substantially on the existence in the horizontal plane of interaural level and 
duration differences. For the most part, head shadowing effects and the 
direction-dependent transmission characteristic of the external ears are 
responsible for the dependent level and duration differences of the sound 
incidence direction. The elevation perception (localization ability in the 
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vertica. direction) is based almost exclusively on the elevation-dependent 
spectral modification of the sound signal through the external ears. 

For a person wearing a device having microphones disposed outside 
of the auditory canals, for example behind-the-ear (BTE) devices, the 
spectra, modification via the external ears does not occur, so that important 
directional and elevation information is lost. The results are the known 
localization problems (for example forward/behind confusion) of hearing 
impaired persons wearing a BTE device. The interference of the spatial 
acoustic orientation (and with it the sound quality) connected with this often 
contributes to dissatisfaction with the device. 

To solve this problem, in-the-ear (ITE) hearing aid devices can be 
used, however, with these at best small and medium hearing losses are 
compensated. Moreover, as a rule they are more expensive than BTE 
hearing aid devices and are more subject to interfering feedbacks. 

In order to determine the acoustic pressure that an arbitrary signal 
source produces proceeding the eardrum of a person; it is sufficient to know 
the pulse response between the source and the eardrum. This is called HRIR 
(Head Related Impulse Response). Its Fourier transformations are called 
HRTF (Head Related Transfer Function). The HRTF comprises all physical 
parameters for localization of a signal source. If the HRTFs are known for the 
left and the right ear, binaural signals can also be synthesized from an 
acoustic source. 

In echo-free surroundings, the HRTF is a function of four variables: the 
three spatial coordinates (with regard to the head) and the frequency. To 
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determine the HRTFs. for the most part measurements are implemented on a 
synthetic head, for example the KEMAR (Know.es Electronics Mannequin for 
Acoustical Research). An overview of the determination of HRTFs is, for 
example, known from Yang, Wonyoung, "Overview of the Head-Related 
Transfer Functions (HRTFs)", ACS 498B Audio Engineering, The 
Pennsylvania State University, July 2001 . 

It is known from the field of synthetic head technology that the 
direction-dependent transfer functions of the head and the external ear can be 
relatively precisely simulated by multi-microphone arrangements in a free field 
with suitable subsequently circuited filters (for example Podlaszewski, Mellert: 
"Lokalizationsversuche fur virtuelle Realitat mil einer 6-Mlcrofonanordnung", 
DAGA 2001). The filters are thereby designed with specific optimization 
methods such that the sum of the filtered microphone signals (typically 3 per 
side) for any spatial direction corresponds with a known error tolerance of the 
sound signal that was measured in the ear canal in the synthetic head in the 
same situation. 

SUMMARY OF THE INVENTION 

An object of the present invention to improve the capability for 
localization of a signal source of a test person provided with at least one 
device. 

This object is achieved in accordance with the invention in a method to 
adjust a hearing aid device wearable on the body of a test subject, having a 
microphone system that is disposed (when the hearing aid device is worn) 
outside of the auditory canal of the test person, and having a signal 
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posing unit, wherein the test object is exposed to an acoustic signal 
originating from an externa, signa. source, and the acoustic signal transmitted 
to the test object is received at a location that corresponds to a location of the 
test subject at which the microphone system is disposed when the hearing aid 
device is worn. The acoustic signal transmitted to the test object is received 
in an auditory canal of the test object and using the received signal, a 
correction function is determined that, applied to the signal received outside of 
the auditory canal, at least approximately converts that signal into a signal 
that corresponds to the signal received in the auditory canal. The filter effect 
of a filter in the hearing aid device is adjusted so that the correction function is 
at least approximately implemented in a microphone signal generated by the 

microphone system. 

The above object also is achieved In accordance with the invention in a 
method to operate a hearing aid device wearable on the body of a test 
subject, having a microphone system disposed outside of the auditory canals 
of the test subject when the hearing aid device is worn, and having a signal 
processing unit, wherein an acoustic signal originating from an external signal 
source is acquired by the microphone system as an acoustic input signal and 
is transduced into at least one electrical microphone signal, with a Signal error 
arising in the electrical microphone signal (or an electrical signal dependent 
thereon) that occurs in the acquisition of the acoustic input signal outside of 
the auditory canal. This signal error at least partially corrected with respect to 
an acoustic input signal that would generate the same acoustic signal without 
treatment by a hearing aid device in an auditory canal of the test person. 
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d ependen« on the direction of the signal source retetive to the head of M test 
person The corrected e,ectncal microphone signai or .he oorrectad electrical 
sig „al ensuing from the microphone signal is further processed and 
transduced into a hearing aid device output signal and supplied to the test 
person. 

The above object also is achieved in accordance with the invention in a 
hearing aid device wearable on the body of a test person having a signal 
processing unit and a microphone system that is disposed (when the hearing 
aid device is worn) outside of the auditory canals of the test person, via which 
an acoustic input signal arising from an acoustic signal from at least one 
external signal source can be acquired and can be at least partially 
transduced into at least one electrical microphone signal. The hearing aid 
device has a unit that corrects a signal error, that arises in the electrical 
microphone signal or a signal dependent thereon due to the acquisition of the 
acoustic input signal outside of the auditory canals of the test person, with 
respect to an acoustic input signal acquired, given the same acoustic signal In 
an auditory canal of the test person. 

The microphone system of the hearing aid device according to the 
invention includes at least one microphone. Preferably, the microphone 
system is a directional microphone system includes a number of 
omnidirectional microphones electrically connected with one another. Ideally, 
for a hearing-impaired person provided with a hearing aid device, the sound 
acquisrtion via the microphone system must ensue in the auditory canal 
directly before the eardrum of the person because then the signal formation of 
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an acoustic sign*, would occur via the head and the external ear. In practice, 

ear. In particular, given a hearing aid device worn completely in the ear, the 
variation is minimal with regard to an ideal microphone input signal. The more 
removed from the auditory canal that the sound acquisition ensues, the larger 
the deviation with regard to the ideal input signal. In behind-the-ear (BTE) 
hearing aid devices, the transfer function of the externa, ear ,s not taken into 
account In conventional devices in the sound acquisition via the microphone 
system. The error is still greater for hearing aid devices worn on the torso, for 
example pocket or chest devices. In these, the shadow effect of the head is 
not taken into account, or falsely adds to the body shadow. 

The error in the acquisition of the acoustic signal originating from a 
signal source that exists due to the not-ideal arrangement of the microphone 
system outside of the auditory canal of a test person can be detected 
according to the invention by measurements and subsequently at least 
p art ia.ly compensated. To measure the error, the transfer function is 
determined between the external signal source and the location on the body 
at which the microphone system of the hearing aid device is located and, 
given the same external conditions (emitted signal, position of the signal 
source with regard to the test person) the transfer function is determined 
between the externa, signal source and the auditory canal of the test person 
who will be provided with the device. For example. If it Is intended to provide 
the user with a BTE hearing aid device in which the microphone system is 
arranged on the upper edge of the auricle, the transfer function is determined 
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between the signal sou** and the auditory canal, and the transfer functton 
also is determined between the external signal source and the location on the 
upper edge of the external ear at which the microphone of the BTE hearing 
aid device will be when worn. The transfer behavior of the external ear 
sought in the example can be easily determined from the respective transfer 
functions measured for different locations (in the example on the upper edge 
of the external ear and in the auditory canal), and in particular from the 
difference (In dB) of these transfer functions. This transfer function describes 
the signal formation of an acoustic signal via the external ear, which is not 
considered in a conventional BTE hearing aid device. 

Different methods can be selected to implement the measurements. 
The external ear transfer function on a synthetic head, for example the 
KEMAR, can be determined. For this, microphones are arranged behind the 
ears of the synthetic head as well as in the auditory canals of the synthetic 
head, and the synthetic head is exposed to an acoustic signal originating from 
an external signal source. From the signals received by the microphones on 
the synthetic head for different frequencies and different positions of the 
signal source with regard to the synthetic head, the transfer function of the 
external ears thus can be determined, dependent on the signal frequency and 
the position of the signal source, from the differences between the signals 
respectively measured behind an ear and in the appertaining auditory canal. 
It appears that, with increasing displacement of the signal source from the 
synthetic head, knowledge of the precise position of the signal source is not 
necessary. Rather, the transfer function can be determined to a good 
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approbation, with merely the relative direction of the signal source wKh 
regard to the synthetic head (and thus, from the view of the synthetic head, 
the direction of incidence of the acoustic signal) being considered. If the 
transfer function of the external ear is known dependent on the frequency and 
the direction of incidence, from this a correction function can be derived that is 
to be applied to the microphone signal of the microphone disposed outside of 
the auditory canal in order generate therefrom it the same microphone signal 
that was generated In the auditory canal of the appertaining ear. 

The same procedure can be transferred to other carrying positions of a 
hearing aid device, for example in the shoulder region or on the clothing. In 
these cases, the relative direction of the microphone system of the hearing aid 
device with regard to the head is additionally considered. 

In addition to measurements on a synthetic head, in the same manner 
measurements on one or a number of test persons can be implemented. By 
the selection of the test persons, a better conformity can be achieved for 
impaired persons who are to be provided with a hearing aid device than would 
be possible by measurements on a synthetic head. The best results are 
achieved when the measurements are implemented directly on the person to 
who is be provided with a hearing aid device. 

A further improvement of the signal transfer behavior of a hearing aid 
device is achieved by implementing the measurements directly with the 
hearing aid device, or at least a hearing aid device identical in construction, 
with which the test person is to be provided. In the error correction of the 
microphone signal generated by the microphone system, the internal signal 
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tranS fer characteristics of the microphone system, even the signa. transfer 
behavior of the hearing aid device overa.i (for axample the frequency paths of 
indrvidual microphones of the microphone system or of the earpiece), can 
then be taKen into consideration and at least partiaily corrected. By a number 
of measurements, the filter in the microphone signal paths of the microphone 
system can be optimized, such that for each direction of incidence and 
frequency of an input signal, the microphone signal generated by the 
microphone system at least approximately coincides with a microphone signal 
generated by a test microphone in the same surrounding situation in an 
auditory canal of the test person. An optimization including a number of 
different directions of the signal source with regard to the head of the test 
person, as well as for a number of different emitted acoustic signals, 
preferably ensues. The desired transfer function can bo exactly determined 
for a specific measurement, characterized by the position of the signal source 
with regard to the head of the test person and the signal frequency of the 
sound signal. By a plurality of different measurements, the transfer function of 
tne filter necessary for error correction can be optimized, dependent on the 
position and the frequency, using known optimization methods. 

If the signal transfer function between a point at which the microphone 
system of a hearing aid device should be placed and a point in the auditory 
canal of a test person who will be provided with the hearing aid device is at 
least approximately known, this information can be used in different ways for 
signal processing in the hearing aid device. In an embodiment of the 
invention the microphone system of the hearing aid device have a number of 
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microphones. For the indMdua. measuremsn* with ragard to differed output 
situation, (different frequencies of me acoustic eigne, and/or different 
positions of the external signal source with regard to the head of the test 
person) adjustments for the filter arranged in the microphone signal paths can 
ba specified that compensate the errors that arise due to the normal 
placement of the microphones outside of the auditory canals. A microphone 
signal that would be generated in the same output situation by a microphone 
arranged in the auditory canal thus ensues from the entirety of the 
microphone signals genarated and filtered by the individual microphones of 

the microphone system. 

Usually, different filter functions will be derived for different output 
situations. Using known mathematical optimization methods, however, filter 
functions can be calculated without dependency on the position of the signal 
source with regard to the test person, and in which the thereby ensuing error 
(for example, averaged over all acquired output situations) is minimized. The 
more measurements that are available and the more microphones in the 
microphone system, the better the optimization result. 

In another embodiment of the invention information is acquired about 
the alignment of the head relative to the signal source from which the acoustic 
signal originates during the operation of the hearing aid device. If, for 
example, a hearing aid device has a directional microphone system with a 
number of different preferred reception directions, this information can be 
directly acquired by the microphone system by means of a simple level 
companson of the microphone signals generated by the different directional 
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microphones. If. however, the direction of incidence of the acoustic signal 
with regard to the head of the test person is known, on.y the previous 
correction function determined for this direction of incidence needs to be 
applied to the acquired microphone signal, so that the microphone signal at 
.east approximately coincides with a microphone signal that would ensue in 
the same situation via a microphone arranged in the auditory canal of the test 
person. It should be noted that it is not necessary to exactly localize the 
signal source relative to the head of the test person, but rather in practice the 
Knowledge of the direction in which the signal source is located relative to the 
head is sufficient. The error that thereby occurs is negligible for displacement 
of the signal source from the head of more than a half meter, and therefore as 
a rule can be disregarded. For localization of a signal source in the horizontal 
plane, it is therefore only necessary to determine the angle that formed by the 
connection line between signal source and the head and the straight-ahead 
line of sight of the test person in this plane. The transfer function of a 
correction filter is then only dependent on a space variable, namely this 
direction of incidence. Should the localization of the signal source also be 
possible in the vertical direction, this alignment of the signal source relative to 
the head of the test person is also to be detected and corrected by a suitable 
filter function that is also dependent on this variable. The advantage of this 
embodiment in that the filter for correction of the signal error caused by the 
not-ideal position of the microphone system outside of the auditory canal can 
be very precisely implemented by the localization of the signal source. A 
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disadvantage is the necessity to localize the signal source as exactly as 
possible and the high calculation expenditure associated with this. 

In another embodiment of the invention, the microphone system has a 
number of directional microphones, and a filter for error correction is located 
in each signal path of each direction microphone. Each f.iter is optimized with 
regard to the preferred reception direction of the directional microphone in 
whose signal path it is arranged. The filter function of an individual filter 
arises from the knowledge of the signal transfer function of the acoustic signal 
emitted by the signal source between the position at which the directional 
microphone is located and a position in the auditory canal of the test person in 
alignment with the appertaining directional microphone, which is precisely 
aligned to the external signal source. This embodiment can be designed for 
error correction only in a horizontal plane, or in three-dimensional space. For 
the horizontal plane, at least two directional microphones are necessary; for 
three-dimensional space at least three directional microphones are 
necessary. The error correction is the better the more directional 
microphones that are used and the stronger their directional dipoles are 
fashioned. This static correction filter can be subsequently connected given 
the use of a number of directional microphones. This is adjusted once for the 
appertaining preferred reception direction of the associated directional 
microphone and then is never changed again during the operation of the 

hearing aid device. 

If a directional microphone is fashioned from a number of 
omnidirectional microphones electrically connected with one another, it is thus 
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easily poW* to .hang, .he directional cnarao.eris.Ic during trie operation of 
the hearing aid device, and in particular the alignment o, the direction dipoie. 
,„ 0 *er to also allow for this situation in «. error correction, a correct finer 
oonnected subsequent to a directional microphone aiso can be adjusted to the 
same degree dependent on the aiignment of the direction dipoie. This has the 
advantage that an optima, adjustment to the acous«c signai source can be 
made in a microphone system with few directions, microphones or only one 
directional microphone The correction Alter connected subsequent to the 
directional microphone is .hen ad)us.ed such that in the hearing aid device, 
the transfer function of the externa, ear is copied for a sound signal that 
arrives from the direction in which the directions, microphone is aligned. 

The procedure described thus far for an acoustic signal source can be 
applied given analogously a number of acoustic signal sources. In particular, 
an a,ignment of a directional microphone or the detection of the direction of 
incidence of an acoustic signal can ensue for the strongest signal received by 
the microphone system. The error conectlon is than optimized, in particular 
for the signal source associated therewith. Furthermore, it Is possible to 
optimize the enor correction for signals wfth specific properties, even if such a 
signs, is not the strongest signel acquired with the microphone system. For 
example, the correction can be optimized for a signal limited to a specif, 
frequency range or a signal recognized as a speech signal. 

The invention can be used in all known hearing aid device types in 
which the signal acquisition does not ensue directly in .he auditory canal, for 
example in behind-the-ear hearing aid devices, hearing aid devices wearable 
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,n .he concha, pocket hearing aid devices, implantable hearing aid devices or 

cochlear .n,p.an«s. Furthermore, M hearing e,d device accords to ,he 

invenbon can be par, of a system that incites a noa.be, of dev.cee to treat a 

he a.in g . imP airadperson.fo.a X a m p,epa rt o f a system wHh two 

d evicea worn on the head for binaural hearing assistance or par. of a system 

Having a device wearable on the head and a processor unit wearable on the 

head. 

p^mp-nr-M OF THE DRAWINGS 

Figure 1 shows a test Person in a test environment for explaining the 

invention. 

Figurc 2 shows the alignment of a signal source with regard to a head, 

for explaining the invention. 

Figure 3 shows an arrangamen, to determine the transfer function of 

the outer ear in the inventive method. 

Figure 4 is an equivalent circuit diagram for the arrangement according 

to Figure 3. 

Figu re 5 is a block diagram of a hearing aid device with correction 
«ers in the microphone signal paths in accordance wltt, the invention. 

Figure 6 is a schematic bloc* diagram of a hearing aid device with a 
directional sensor in accordance with the invention. 

Figure 7 is a schematic block diagram of a hearing aid device with a 
nun.be. of directional microphones in accordance with the invention. 

Figure 8 »lustra.es an example for alignment of the direcbona. 
microphones of the hearing aid device according to Figure 7. 
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^..^ ppoH OF TH F pPPFPRRED EMBODIMENTS 

Figure 1 shows a test arrangement to determine the HRTF as we.1 as 
the external ear transfer function of a human ear. As used herein, the 
externa, ear transfer funcSon" is merely the transfer function between a point 
on the outer edge of the external ear and the auditory canal. For this, a test 
person 1 as well as a signal source S is located in a test environment. On the 
upper edge of the right ear 2 of the test person 1. a microphone M.C1 is 
arranged at a location of the ear 2 at which the microphone system for sound 
acquisition of an acoustic input signal sits in a behind-the^ar hearing aid 
device. Furthermore, a second microphone MIC2 Is located in the auditory 
canal of the right ear 2 of the test person 1. Bo* the microphones M.C1 and 
MIC2 and the signal source S are connected with a computer system 3. The 
transfer function of the external ear can be determined from the difference of 
the acoustic input signals acquired by the microphones Mid and MIC2 that 
are caused by an acoustic signal emitted by the signal source S. Since the 
transfer function depends on the frequency of the emitted acoustic signal as 
well as the position of the signal source S relative to the head of the teat 
person 1 . a number of measurements with different frequencies and different 
positions Is necessary in order to be able to determine the transfer function as 
precisely as possible. To determine the position of the signal source S 
relative to the head of the test person 1, a Cartesian coordinate syetem is 
used. The origin of the coordinate system is located In the exemplary 
embodiment at the position of the microphone MIC2 in the appertaining 
auditory canal of the test person 1. The straight-ahead viewing direction of 
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the test person 1 is preferably parallel to the y-axis of the coordinate system. 
The x-axis is arranged at a right ang.e to this and, together with the y-ax„ 
spans a horizontal piane. The z-axis points perpendicularly upward. The 
transfer function of the externa, ear in this specific microphone arrangement 
thus can be determined very precisely determined by a number of 
measurements, dependent on the frequency as well as the x-, y- and z- 
coordinates. It appears that the displacement of the signal source S from the 
head of the test person 1 plays only a subordinate role given displacements of 
more than one meter. Furthermore, of interest is the arrangement or 
projection of the signal source S In a horizontal plane that is defined by the x- 
and y-axes and also lies in the audrtory canal of the test person 1. Then the 
knowledge of the angle * shown in Figure 2 that encompasses the signal 
source S with the y-axis or the straight-ahead viewing direction of the test 
person 1 suffices in place of the x, y- and z-coordinates. The transfer 
function is then merely dependent on the frequency f of the acoustic signal 
and the angle <1>. Moreover, should the vertical alignment of the signal source 
S also be considered with regard to the head of the test person, the angle ip, 
as shown in Figure 2. is to be determined with it as a further variable. 

Figures 1 and 2 show only an example for the determination of the 
transfer function of the external ear. In a similar manner, transfer functions 
can be determined for other positions of the microphone MIC1, for example 
on a pair of glasses or in the concha. Likewise, the transfer function can be 
determined using a microphone MIC1 that is not arranged on the head of the 
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test person, but rather for example a microphone arranged in the region of the 

shoulder or the chest. 

The invention allows at least partial compensation of the errors that 
arise due to the not-ideal positioning of the microphone system of a hearing 
aid device outside of the auditory canals. For this, a correction function is to 
be applied to the microphone signal received by the microphone system. In a 
behind-the-ear hearing aid device in which the microphone is located in the 
position visible for the microphone MIC1 from Figure 1 , this correction function 
corresponds to the external ear transfer function determined according to 
Figure 1 for a specific position. However, the problem exists that the 
respective position Of a signal source with regard to the head can be 
determined only with effort given conventional operation of a hearing aid 
device. Therefore, in an embodiment of the invention the correction function 
implemented for error correction in the hearing aid device no longer has a 
variable direction dependency. The error correction thus can be optimized all 
the better the more microphones that the microphone system has. 

Figure 3 schematically shows the signal transfer in the auditory canal 5 
of an ear 4 of an acoustic signal originating from a point signal source S in 
space. The transfer function H applies for the direct path, meaning without 
treatment via a hearing aid device. This Is dependent on the frequency of the 
signal source S with regard to the ear 4 and includes the signal formation via 
the head and the outer ear. Furthermore, the signal transfer using a hearing 
aid device with three microphones M1. M2 and M3 is depicted in the shown 
arrangement. In this case, the signal transfer function between the signal 
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. j- 1 fl _ — first sinnal path with a signal transfer 
source S and the auditory canal 5 has a first s.gna 

H2 between the microphone M2 ana me auditory — *■ - • «- — 
path with . eigne, tranefer .Unction HM3 between the slgna. source S and the 

ml orophone M3 and .ha auditory canal 6. Jus. .ike the transfer functton H, the 
tra „s,er functions HM1. HMZ, HM3 as wet, as HI. H2 and HS are dependent 
on me fluency of the emitted signal and on the posMon of .he signal source 

S with regard to the ear 4. 

,n the following embodiments, without limiting the genera.ity, the 
distance of me slgna, source s from the ear 4 should be large enough mat the 
distances of me signal source in the *-, y- and z-directrons from a reference 
point (for example, me eudifory canal entrance) do not have to be known, but 
ra ,her only the direction of incidence of me acoustic signal, or me direction In 
wnich the signal source S is -coated relative to the reference point. Given 
greater displacement of the signal source S from the ear 4 (for exampfe more 
lh an 1 meter), me error ma. arises can be disregarded. The dependency of 
the transfer functions on the positton of the signal source S can men be 
expressed by a soiid angle a. The transfer functton H (f.a, from me acoustic 
signal source S to .he audttory canal 5 (.deatly a pole. T directly before the 
ea^rum) coincides with the transfer function des.gna.ed in me future as en 
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HRTF (Head m T— 4 - - — ^ 

generated in the auditory canal applies: 



or 



H(f,a) = 1 ^- 

The desired transfer function H (f.a) thus can be determined according 
to equation (2) using measurements of an acoustic signa. in the auditory canal 
5 as a reaction to an output signal emitted by the Signal source S. 

Given the treatment of the ear 4 of a test person via a hearing aid 
device with the 3 microphones M1, M2 and M3, the signa. transfer function is: 
Y(f,a) = (HM1(f.a) " H1(f.a) * HM2(f,a) - H2(f.a) * HM3(f,a) * H3(f.a)) * X(f) 

(3) 

If the function of the hearing aid device for comparison of a hearing 
loss is left unconsidered, valid for the ideal device for all f and a are: 

(4) 

Z(f,a)=Y(f,a) 



or 
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H(f,d) - ■ HKto) * H»M " «M * HM3<,o) ' Wrt (B 

F, 0 ure 4 araphically illustrates me correlation. 

Th e transfer function already generated * - ^ 
the ear, between the sfcnal source and the test parson is ptugged into the 
, an s,er functions HM1(f,a), H M 2(.,a, and HM3A* >=or error correction in «ne 
Hearing aid device, it is thereto* sufficient to define ma transfer fun*ns 
HMKf,a), HM 2 (f,C and HM3(..o) that together reproduce the externa, ear 
trans ,er function in me hearing aid device. Tbe erferna, ear transfer function 
lo b9 reproduced can be determined, for example, according to equation (5) 
with a measurement arrangement according to Figure 1 or, in an arrangement 
according to Figure 3, by evaluation of the microphone signets acquired as a 
result of the emitted signal, by the microphone Ml. M2 and MS. and a 
micro phone signal acquired in me auditory canal. For each frequency and 
aach angle a in common, e number of transfer functions HM1(f,o), HM2(f,o) 
and HMSff.a) can be specified mat fulfill me cited condition according to 
equation (5)- 

interfering with me transfer functions HM1(f,a), HM2(f.a) and HM3(f,a) 
is their dependency on the solid angle a. since given normal operation of a 
hearing aid device these are only defended with effort. A further problem 
arises because, under reai environmental conditions, generally multiple signal 
sources are simultaneous* orient. Therefore, the transfer functions 
HMKM. HM2(f.a) and HM3(f,o) are optimized according to Known 
mathematical optimise methods so that the angle dependency does not 
apply, and so mat the errors that thereby result remain as small as possible 
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ove r a,, considered angfcs. The number of - — - ^ 

prese nt in the op—. The optimization thus can be improved «. 
a dd« to na, numbers * the -rfcrophone, An op— ru.e according 
amount and phase for the appertaining transfer functions can be: 

2 Z (|H(f.aMMMl(f,a)«Hl-HM2(f,a).m + HM3(f,a)*H3|y -min 

(6) 

2 £ (« g (H(f,a))-« g (HMj(f.«).Hl + HM2(f,«).H2 + HM 3 (f,a).H3))'=n 1 in 

f a 

(7) 

The optimization advantageously ensues over all a with 0 a a * 360', 
as well as over all f in the transfer range of the hearing aid device, for 
example 30 Hz S f s 10 kHz. However, only the optimization for Ore sub- 
region (partial region), for example a frequency range Important for the 
localization capability, would also be possible. 

Rgure 5 shows a hearing aid device 9 with three microphones Mr. M2' 
and M3- In a block diagram. The microphones Mr, Iff and 10 are 
connected subseguent to the filter, F1, F2 and F3 for error correction 
according to the invention. If the microphones in the worn hearing aid device 
9 coincide in their positions with the microphones Ml. M2 and M3 of the 
arrangement acting to Figure 3. the filters F1, F2 and F3 can be 
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— u- hi , - - — op "7^ 

the fltter P1 . toe transfer " 2 * — ^ a0C ° rd ' n9 10 rt 

option by the «er F 2. ana me — — - * — 
acting to me above optimization by the «. F3. The cited signal enor ,s 
hereby largely compensated end results ,n . signel a. the output of en adder 
6 tha t is a corroded microphone signs., mat is further processed end 
amplifled in a Known manner in a signal processing unit 7 and. In the 
exempt embodiment, is transduced back into an acoustic output signai and 

is emitted by an earphone 8. 

„ ls to be noted mat the exemplary embodiment only reproduces the 
principle functionary of a hearing a* device according to the invention. The 
indivWua, microphones must really, not virtually, be directiy connected behmd 
fitters. UKewise. me determined transfer functions can be realized in the 
(preferably, digital signal-processing unit 7. Reversed, toe niters connected 
subseguent to the microphones could, in addition to toe error correction, 
a.ready realize further signal processing functions of the hearing aid device. 
and tous would no. exactly implement toe determined connection functions. It 
,nus may be that the error-corrected microphone signal the, is present a. toe 
output of toe adder 6 appears nowhere in reality (as a measure signa,, in a 
real hearing aid device, but nevertoe,«s an error correction Is implemented m 
the sense of the invention. 
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More ove„ the microphone - - — - 

supplte d to a fiKer tor enor correction. UKe.se. ,he — 
ran pe expand to more - — ~"~ * — 
gen eral. however, a. leas, -wo microphones are necessary >n order „ be a«e 

The option succeeds a., the better me more microphones (- *— » 
degrees of freedom) that are present 

Furthermore, for adiustment o, fMer for error correction according to the 
, nv en«on. a measurement arrangement adjusted exactiy as in the exempiary 
embodiment need n<* be present. For example, the abetment of a behind- 
Mr hearing aid device with 3 microphones can also form me basis of 
„emen»s wRh a measurement arrengamen. according to Figure 1 w*h 
oniy one microphone MIC1 on the edge of the externa, ear 2 for signai 
detection. If the externa, ear transfer <unc«on Is known dependent on the 
freque ncy and the angle of incidence for an extern* acoustic eigne., fliter 
funcuons can be determined from this purely fhreugh calculation, that are to 
be applied to the microphone signals of a hearing aid device »i.h a number of 
relcrophones in oreer to reproduce the desired external ear transfer function ,n 

good approximation. 

Furthermore, the invention can be expanded so the., in addition to the 
correction of the cited error in an analog manner. ftmher transfer errors of the 
hearing aid device, tor example of the earphone or the signal processing urn, 
ere else compensated. This can ensue v*h a signal being generated that 
m3 y not be fhe most ideal microphone signal that can be generated, but 
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„ he edited such that the transfer errors of the hearing a, dev.ce 

are also entirely compensated. 

Flgu re 6 snow, a further exemplary embodiment of the invent. In a 
hearing aid device to shown in a singed b,ocR diagram win, a microphone 
, , arranged outside o, the auditory canals of a test person, a compensation of 
the signal error is provided as a resui. cC the not-optima, microphone 
arrangement To compensate this error, a filter 12 is .ocated in the signa. 
pa th of the microphone 11. Furthermore, the hearing aid device 10 has a 
5lg „at- P ™essing unit 13 for further processing and ampiiflcation of me 
aerophone signa, as well as an earphone 14 to reconvert the eiectrical output 
slg nai into an acousfc signal. The hearing aid device 10 also has a sensor 15 
with which the localization of a eigne, source, or the determination of the 
direction of the signai source relative to the head of the test person, is 
possible. The signal originating from the sensor 15 is supplied to an 
evaluation and control unit 16. Dependent on the determined direction, filter 
coefficients of the fitter 12 are then adjusted by an evaluation and contro. unit 
16 such that the microphone signai originating from the microphone 11 
undergoes at least approximate* the same transfer function as the acoustic 
output signal also undergoea without me provision of a hearing aid device 
between the posttion of .he microphone 11 on me body of the teat person and 
the auditory canal of the test person In which the output signal of the 
earphone 14 is emitted. Since, given mis embodiment of the invention, the 
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. the ^ - * — — — • - - of - - p x 

« a-—. * — - — - specif,c * ,0r ,h ' S mP t 

*. — ear transfer funOton dependent on the ang,e of incidence ,n 
hearing aid device can be very precisely reproduced. 

ln a ddit ra n to the adaptation o, filter coefficient,, it is s.so possible fer 
ada p,, g to the reception direction, to »nnect or d.sconnect Men, or to switch 
am ong deferent fi.,ers. The filters preferably are realized with digital circu,, 
t echno,o 9 y. an input si a nal in the filter can also under 8 o a 

signal amp.Kica.ion In the Wm for specific fluency ranges. Furthermore, a 
„ possible to dMd. the output signal of fife aerophone 11 into a number o, 
frequency bands. Different filter functus for .he individua. frequency bands 
can then be adjusted to compensate .he signal error in me microphone signs,. 
Moreover, parameters of .he signal-processing unit 13 can be changed 
pendent on me direction determined by the sensor 15. ror example, it ,s 
possible that the amplifice«on is raised In one frequency band and lowered ,n 
anotherfreguency band, dependent on the determined direction. 

,n a variant of the exemplary embodiment according to Figure 6. the 
microphone 11 is replaced wKh a number of preferred reckon devices (not 
shown). This has the advantage that the sensor 15 can then be directly 
lamented via the microphone system. The direction of the signal source 
re ,a«ve to fhe microphone system can men be determined by a comparison of 
the microphone signals in the different purred reception devices. The 
independent sensor 1 5 can thus be dispensed with. 
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davlc9 30 has the fhree direcfiona, Aerophones R1. *2 end R3. These are 
resp ecfive,y r— b y *. —on of two on— n 

mic ,o P hones Mil. Ml* M21. M22; M32. wHh deiay element T1.T 
T3 as we,, as en Inverter ,1 , ,2 or ,3 being located ,n one Aerophone pe.h 0. 
each d,reot,ona, m^phone R1, R2 or R3, end both microphone signal P a,rs 
Mil. Ml* Wtt. M22, MS1. M32 of the respeefive directional m^phones 
R 1 R2 or R3 are subsequently addad Into the summation points 81. S2 or 
33'. The d,rection a l microphones R1. R2, R3 have different preferred direction 
devices. Filters Ft, FZ and Par the. rea„ze the signal transfer functions HI'. 
HZ- and. reepeeTively H3' are connected subsequent to the microphones. The 
microphone signals of the direcfiona, microphones R1. RZ R3 are 
.ubsequently merged into the summation point 21. The signa, processing 
then ensues in a Known manner in a signal-processinfl unit 22, and the 
reconversion of the processed micrephone signets info an eooustic output 
signa, thereupon ensues in an earphone 23. 

The filters FT-F3' effect a compensation of the signal error in the 
microphone signals mat exists due fo .he not-idea, acquisition of an acoustic 
inpu. signal by .he microphones Mil. M12; M21. M22; M31. M32 outeide of 
, ne audUory canals of a test person. Different from the exempt 
embodiment according to Figure 6. in the exemplary embodiment according fo 
Figure 7 no localization of a signal source from which an acoustic output 
sfcnal originates ensues. I.e. there is no determination o, the direcfion of the 
signal source from the microphone system. Rather, the filters F1-F3' are 
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ada ,ed to the directional — „ - -n — pa. s ^« 
loca ,ed. The transfer t^onHV^enUetPfp^ — -~ 

apP rox,ma.e,y «. - «~ — " - * — " " ^ 
mtooph one signal grated by *e microphone M . such - 

microphone signal correspond* - - — "» — ~ 66 ^ t 
by . microphone arranged in the auditory cana, * the ear provided with »e 
heanng a« device 20, end specie* .or en audKory situation in wftich the 
direction* microphone is aifcned to the signai source. UKewieo. the transfer 
functions HZ end H* of the Me. W and F3 are aiso preset for the auditory 
si.ue.ions for which .he signal source is ioceted in me respective preferred 
reception directions of the appertaining directional microphone. Given 
exposure of the hearing aid device 20 to acoustic energy from a speafic 
airecion. .he directional microphone .ha. will supply the strongest microphone 
signal is the one with a preferred reception direction traversed by the 
incoming eigne, eaniest. so a good approximation to me idea, microphone 
signal results overall via the shown a rrangement. 

H Should be noted Bra. Figure 7 only schematically illustrates an 
embodiment of the invention with a number of directional microphones. Thus 
in the practical realization, for example. Wo omnidirectional microphones are 
sufficient whose output signals are respectively processed in parallel (delayed 
and added in a number of parallel microphone signal pa.be of a m*rophone) 
in order to generate a number of directional microphones with dHferen. 
preferred reception directions. 
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ln . version o, the exemplary embodiment «"•*» ,0 ? ^ 

the preferred option direct rf the R14» - 

be cHenged. - a.ustment - - — - — *" " ^ 

for .ample, in the adapted - hearing « — - * • - 

conesoondingly adapted given a change of the purred reception direction 
in a « .east one the of the directions microphones R1-R3. The hearing «d 
device 20 provide* for Hi an adaptation and con.ro. unit 24 mat is connect* 
». signa. processing unit 22 as we,, as the delay elements T1-T3 and 
the Wars F1'-F3'. If a change of the preferred reception direction in a. least 
one of the direCiona. microphones R1-R3 ensues due to a parameter change 
.„ the signal processing unK 22 set by the control and adaptation unit 24 by 
changing the signal delay The transfer functions HV-H3' of the filters F1'-F3' 
are aiso thus adapted to the new preferred reception directions by the control 

and adaptation unit 24. 

The hearing aid device 20 according to Figure 7 also can be operated 
,n a manner that corresponds to the operating manner of the hearing aid 
device 10 according to Figure 6. The dlrecflonal microphones R1-R3 then 
form the direction sensor wim which the a.ignment of a signal source can be 
determined rotative to the head of a test person. For direction determination. 
„. microphone signals of the directional microphones R1-R3 are supplied to 
the controi and adaptation unit 24 that in particular determines the a.ignment 
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frorn . ,evel comparison - the «— — -»"""• ^ 

Figure 8 snows a purred advent - - »— 
eirection of three microphones ,n the treatment o, a test person. Figure 8 . . 
p.nviewo.t.e^aOoUHete.person^aleftear^andeHflhtear^ 

Option 34 of a firs. *— "one thereby coincides wah ft. 
straight-ahead viewtng directs of the test person. The purred recepnon 
motion of a second direcnonal microphone points in the opposite direct 
37 and the preferred receptfcn direction 36 of a third directiona, microphone 
i, a. a right angle to the aforementioned preferred recent directions. Ai. of 
m e aforementioned direcnona preferably lie in a piane. Furthermore. * . 
^ for the preferred reception direcfions of further directiona. 
microphones (not shown) to He outside of this piane. A tea. person wah a 
hearing aid device according to Figure 7 and the adjustment of the directions, 
microphones according to Figure 8 thua can we,, locate a signal source ,n 
the piane. Wfth the expanded arrangement in which direcaonal microphones 
are also provided with vertical alignment (not ahown), even the possibility of 
localization in three^imensional apace is achieved. 

,n summery, for a hearing-impaired person who is provided with a 
hearing a* devfce. In order to improve the capabUKy for localisation of a 
s i9 na, source in apace, atatic fifiera are included at the microphone aigna, 
paths of the hearing aid devtce. The Altera are deaigned with a auitable 
m8 thod such ma. me sum signal of the filtered mfcrophone signala for sound 
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^ponds .o the signal that would be measured ,n the same sou 

- - ~. - - - — - necessary ,or ,ooa,tea ' 

electdcally adrted via the filters. In BTE devices whose microphone s.na, 
already include head shadow affect due to .he head- P ro*imate arrangement. 
the „,ters subtly reproduce the transfer properties of the externa, ear. 
Microphones positioned at arbKrary locations (for exam P .e shoulder, clothes 
a n„ so to*, are aiso compensate. The filters theh indude the HRTFs ano 
, he inverted transfer funcfions for respecUve positions of the microphones. 

Alternatively, a running localization of the souhd sourcefs) can ensue 
with suitabie localization methods mat are preferably based on the sound 
analysis wlm muiti-micmphone arrangements (unllatera.. bilateral). The 
HRTFs belonging to me curren. dlrectfcn of sound incidence can then always 
be reproduced -online-, and the spectral modification of a sound signal 
acquired by the can be adapflvely implemented. 

Although modifications and changes may be suggested by those 
sW „ed in the art. * is me intention of the inventor to embody within the paten, 
warranted hereon all changes and modifications as reasonably and property 
come within the scope of his contribution to the art. 
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